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(57) ABSTRACT

An in wheel motor driving device which has a deceased axial
dimension and includes aluminum alloy housings having a
minimum wall thickness for reduced weight while retaining
good assemblability. An in-wheel motor driving device
includes: a motor section which has an output shaft; a wheel
hub bearing section C; and a speed reducer section which
connects the output shaft of the motor section and the wheel
hub bearing section coaxially with each other. A housing
outer circumferential portion of the motor section and a hous-
ing outer circumferential portion of the speed reducer section
are integral with each other, being provided by one, outer
circumferential member. An outboard-side end member is
fixed to an outboard-side end of the outer circumferential
member by means of bolts, and the wheel hub bearing section
has its fixing ring fixed to the outboard-side end member.

8 Claims, 10 Drawing Sheets




US 9,180,771 B2

Page 2
(51) Int.ClL P 2009120021 A * 6/2009
Jp 2010-60026 3/2010
B60K 17;14 (2006.01) Jp 2010-221964 10/2010
B6OK 17/04 (2006.01) P 2010-255713 11/2010
(52) US.CL WO 2011/098594 8/2011
CPC ..... B60K 2007/0092 (2013.01); FI16C 2326/02 WO 2011/098596 8/2011
(2013.01) WO 2011/114768 9/2011
OTHER PUBLICATIONS
(56) References Cited
Supplementary European Search Report issued Jun. 3, 2014 in cor-
FOREIGN PATENT DOCUMENTS respondjng European Application No. 12736910.6.
International Search Report issued Mar. 19, 2012 in International
1P 2008-202746 9/2008 (PCT) Application No. PCT/JP2012/050299.
Jp 2008202746 A * 9/2008

Jp 2009-120021 6/2009 * cited by examiner



US 9,180,771 B2

Sheet 1 of 10

Nov. 10, 2015

U.S. Patent

\\\.I_._\ | T¢ ©G7
- ; 18I°%
62
J egz
) asz TN
asz
7 pZEe
67, o NN\
A \__\\ ﬁ@ / |
AV Ay,
QmN\. Q& 3 V_y/MNm
e o °27¢
49
N)Nm
ey z o
ve Yt Y owm
£z / %H_ e qaze
€9\ \29 &%
B¢z / / \ ece /
zz 1S5 BCZPC¢C 1439 99 <
I

"b1a



US 9,180,771 B2

Sheet 2 of 10

Nov. 10, 2015

U.S. Patent

v g 0
; A 7 A I M
26z FG7
“““ e «——— - — - — - — - — - — - — - —
43
- —— -
N 43
1 927
\ pze
I IIFII IS IIISIITIIAA S SN 79\ ¥,
\\N\\~\\~\§§_§.V\\\\ [ \l/ _ _ “
~oG7 5y oze |
I = e3z d8¢ eze
/Hm NN /|<|\
8z
—— 79—
2 T e
AL o7¢
€5 99 legg 29 gz¢
ezz 19 €e
qzz  eyz bsz 7 57 /
1z
"b1a



US 9,180,771 B2

Sheet 3 of 10

Nov. 10, 2015

U.S. Patent

v d 0]
; o IGZ
?@
\ Gz
\PN
i w)
PR
= pPse
x4
ege
qse TWN
\ ase
< \Umm
7 (i
At \__Q\ 7
— B
AL AV I VRS
(K _/DNM
43
23




US 9,180,771 B2

Sheet 4 of 10

Nov. 10, 2015

U.S. Patent

oG¢

g o
ELY:
| i}
A WHMWMmN
Le
rae
62 057
ace QwNWwN
7 NN > pZE
N H 7 7 A
N A
NN .Tmmm
STE
/ ve
>\\I| (022) ece /
%% oCE
ce qze
b /
1g ®<l il
cc 19 iz
p DbTd



US 9,180,771 B2

>

°6¢

I6¢

pd

Ve
L %
Tc A

6C o7¢ -

i

| — "]
T, | i\\\\ _
Vg,

AL

7777777 P A,

Sheet 5 of 10

Nov. 10, 2015

U.S. Patent

[

ZZZZZZZ2777

DL e

> i A / \
N = \k oGz
» ; egz 48¢ o
8¢ /
77 e
7
V%
7 (0zZ7)®ece qce
ez 79 £¢
gzz  epz HST 7 b7 /
1z
S bTa



US 9,180,771 B2

Sheet 6 of 10

Nov. 10, 2015

U.S. Patent




U.S. Patent Nov. 10, 2015 Sheet 7 of 10 US 9,180,771 B2

Fig. 7
11
N .
13 13
| \
21 21
Fig. 8
12\\
12a— 1= — —12a
14/’ 1714




U.S. Patent Nov. 10, 2015 Sheet 8 of 10 US 9,180,771 B2




U.S. Patent Nov. 10, 2015 Sheet 9 of 10 US 9,180,771 B2

s - -
\ 7
| L=
i o AN
o >§
N N\
V \ =I\_ | — \ﬁ
4 R N
=7 l e N
I 'I\\b” S N N S
o \ N \ B
E NN

%

112
JN

111
-l,/
104

10
108
109

Fig.



U.S. Patent Nov. 10, 2015 Sheet 10 of 10 US 9,180,771 B2

e}
o
—
o N
(@)
—
v O N
|
i ] T .
> O
(0] —
2|
N
—
ol —>
—
Il
S T'e)
| > S
—
(@)
- = S N Sy
| ‘\ ©
O
—
Ly 1)

110

112 111
n /—[“
[Z?// &
109
104

11

Fig.



US 9,180,771 B2

1
IN-WHEEL MOTOR DRIVE DEVICE

TECHNICAL FIELD

The present invention relates to in-wheel motor driving
devices.

BACKGROUND ART

A conventional in-wheel motor driving device 101 is dis-
closed in JP-A-2010-255713 (Patent Literature 1) for
example.

The in-wheel motor driving device 101 which is presented
in FIG. 10 includes a motor section 103 which rotatably
drives an output shaft 106; a speed reducer section 105 which
reduces rotation of the output shaft 106 and transmits the
rotation to a wheel-side output shaft 108; and a wheel hub
bearing section 104 which has a wheel hub 109 connected and
fixed to the wheel-side output shaft 108.

As shown in FIG. 11, the in-wheel motor driving device
101 arranged as described above is designed so that the motor
section 103 and the speed reducer section 105 are assembled
independently from each other, and then a housing 107 ofthe
speed reducer section 105 and a housing 102 of the motor
section 103 are fastened to each other with bolts 110.

Also, in the example in FIG. 10 and FIG. 11, the wheel hub
bearing section 104 has a fixing ring 111 (fixing member),
which is fastened to the housing 107 of the speed reducer
section 105 by using bolts 112.

CITATION LIST
Patent Literature
Patent Literature 1: JP-A-2010-255713
SUMMARY OF INVENTION
Technical Problem

In the in-wheel motor driving device 101, the housing 102
of the motor section 103 and the housing 107 of the speed
reducer section 105 are usually made of aluminum alloy for
weight reduction.

A problem, however, is that as long as the housing 102 of
the motor section 103 and the housing 107 of the speed
reducer section 105 are fastened with bolts 110, it is impera-
tive that bolt holes for bolting the two aluminum alloy mem-
bers must be made longer than in cases where the two mem-
bers are made of steel, in order to ensure that sufficient
strength will be provided by the aluminum alloy.

Also, bolt fastening areas are traditionally formed rela-
tively long, and given a greater thickness than other walls.

If it is impossible to give an increased wall thickness only
in the bolt fastening areas, the in-wheel motor unit has to be
given an increased axial length, which results in a problem of
overall increase in the weight.

Any bolt holes which communicate with internal space are
undesirable since they can be potential route for oil leakage.
Thus, if all bolt holes are designed so as not to communicate
with internal space, then the wall thickness may have to be
further increased.

Therefore, it is an object of the present invention to provide
an in-wheel motor driving device which has a deceased axial
dimension and includes aluminum alloy housings having a
minimum wall thickness for reduced weight while retaining
good assemblability.
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Solution to Problem

In order to achieve the object stated above, an in-wheel
motor driving device provided by the present invention
includes: a motor section including an output shaft; a wheel
hub bearing section; and a speed reducer section connecting
the wheel hub bearing section coaxially with the output shaft
of the motor section. With the above arrangement, a housing
outer circumferential portion of the motor section and a hous-
ing outer circumferential portion of the speed reducer section
are integral with each other, being provided by one, outer
circumferential member. An outboard-side end member is
fixed to an outboard-side end of the outer circumferential
member, and the wheel hub bearing section has its fixing ring
fixed to the outboard-side end member.

The wheel hub bearing section includes: a hub ring for
mounting a wheel; the fixing ring for fixing to a vehicle; and
a double-row rolling bearing between the hub ring and the
fixing ring.

The double-row rolling bearing’s inner track surfaces and
outer track surfaces may be formed separately from the hub
ring and from the fixing ring: The outer track surfaces may be
formed on an inner circumferential surface of the fixing ring;
or one of the double-row inner track surfaces may be formed
on an outer circumferential surface of the hub ring.

The outboard-side end member may be made of a light-
weight metal.

Also, the fixing ring of the wheel hub bearing section and
the outboard-side end member may be formed as integrated
with each other.

In cases where the fixing ring of the wheel hub bearing
section and the outboard-side end member are formed inte-
grally with each other, it is desirable that the double-row
rolling bearing has its outer track surface(s) formed on a
separate member, and a lightweight metal material is used to
form the integrated piece of the wheel hub bearing section
fixing ring and outboard-side end member.

Also, it is preferable that the outer circumferential member
is formed of a lightweight metal material such as an alumi-
num alloy.

It is desirable that a seal member is disposed between the
outboard-side end member and the outer circumferential
member in order to prevent oil leakage from inside. The seal
member may be provided by an O-ring.

Advantageous Effects of Invention

According to the present invention, a housing outer cir-
cumferential portion of the motor section and a housing outer
circumferential portion of the speed reducer section are inte-
gral with each other, being provided by a single outer circum-
ferential member as described above, whereby the invention
has eliminated the need for bolts which are otherwise neces-
sary for fastening the motor section housing and the speed
reducer section housing with each other.

Therefore, the motor section housing and the speed reducer
section housing can be formed of a lightweight metal for
weight reduction while maintaining a minimum wall thick-
ness, without the need for increased axial dimension which is
otherwise necessary for fastening with bolts. The invention
thus provides maximum weight reduction.

Further, an outboard-side end member is bolted to an out-
board-side end surface of the outer circumferential member.
This ensures the use of conventional procedures of assem-
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bling the motor section and the speed reducer section from the
axial direction, so the invention does not sacrifice assem-
blability.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic sectional view of an in-wheel motor
driving device according to an embodiment of the present
invention.

FIG. 2 is an exploded view of the in-wheel motor driving
devices in FIG. 1, showing a state before assembly.

FIG. 3 is a schematic sectional view of an in-wheel motor
driving device according to another embodiment of the
present invention.

FIG. 4 is a schematic sectional view of an in-wheel motor
driving device according to another embodiment of the
present invention.

FIG. 5 is an exploded view of the in-wheel motor driving
devices in FIG. 4, showing a state before assembly.

FIG. 6 is a schematic sectional view of an in-wheel motor
driving device according to another embodiment of the
present invention.

FIG. 7 is a schematic plan view of an electric vehicle which
includes in-wheel motor driving devices.

FIG. 8 is a rear view of the electric vehicle in FIG. 7.

FIG.91s a vertical sectional view of a speed reducer section
of an in-wheel motor driving device according to the present
invention.

FIG. 10 is a schematic sectional view of a conventional
in-wheel motor driving device.

FIG. 11 is an exploded view of the in-wheel motor driving
devices in FIG. 10, showing a state before assembly.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described based on the attached drawings.

As shown in FIG. 7, an electric vehicle 11 equipped with
in-wheel motor driving devices according to an embodiment
of'the present invention includes a chassis 12, front wheels 13
as steering wheels, rear wheels 14 as driving wheels, and
in-wheel motor driving devices 21 which transmit driving
forces to the left and the right rear wheels 14 respectively. As
shown in FIG. 8, the rear wheels 14 are housed inside wheel
housings 12a of the chassis 12, and are fixed to a lower
portion of the chassis 12 via a suspension system (suspen-
sion) 124.

The suspension system 124 includes suspension arms
extending in the left-right direction and supporting the rear
wheels 14, and struts each having a coil spring section and a
shock absorber, thereby absorbing vibrations coming from
the ground through the rear wheels 14 and reducing vibration
of'the chassis 12. Further, a stabilizer which reduces tilting of
the vehicle body during a turning operation for example, is
provided at each of the left and right connections of the
suspension arms. Preferably, the suspension system 124
should be designed as an independent suspension system
which is capable of allowing the left and the right wheels to
move in vertical direction independently from each other for
improved ground following and efficient transmission of
driving force to the road surface even if the road surface has
some irregularities.

In the electric vehicle 11, each of the in-wheel motor driv-
ing devices 21 is housed individually inside the correspond-
ing wheel housing 124 and drives one of the left and the right
rear wheels 14. Therefore there is no need for providing a
motor, a drive shaft, a deferential gear mechanism, etc. on the
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chassis 12. This provides an advantage that a wide space can
be used for the driver and passengers and rotation of the left
and the right drive wheels can be controlled independently
from each other.

It is necessary, however, to reduce the unsprung weight in
order for the electric vehicle 11 to have improved driving
stability. Also, in order to provide more driver/passenger
space, there is a requirement for size/weight reduction in the
in-wheel motor driving devices 21.

As shown in FIG. 1, the in-wheel motor driving device 21
includes a motor section A which generates a driving force; a
speed reducer section B which reduces rotating speed of the
motor section A and outputs the rotating force; and a wheel
hub bearing section C which transmits the output from the
speed reducer section B to a driving wheel 14.

The motor section A and the speed reducer section B share
an outer circumferential member 224 in outer circumferential
portions of their respective housing. The outer circumferen-
tial member 22q is made of a lightweight metal such as an
aluminum alloy.

The outer circumferential member 224 has an inboard-side
end, which is closed with an inboard-side end member 225.

The outer circumferential member 224 has an outboard-
side end, to which an outboard-side end member 22c¢ is fas-
tened with bolts 61, and to this outboard-side end member
22¢, a fixing ring 33 of the wheel hub bearing section C is
fastened with bolts 62.

As shown in FIG. 2, the speed reducer section B is assem-
blable into the motor section A from the outboard-side when
the outboard-side end member 22¢ is removed from the outer
circumferential member 224. Specifically, an input shaft 25
of'the speed reducer section B is inserted into an output shaft
24b of the motor section A from the outboard-side, to
assemble the speed reducer section B and the motor section A
with each other.

The outboard-side end member 22¢ is made of a light-
weight metal such as an aluminum alloy, and is formed with
boltholes 63 for the bolts 62 to fasten the fixing ring 33 of the
wheel hub bearing section C.

The outboard-side end member 22¢ and the outer circum-
ferential member 224 are fitted to each other, with an O-ring
disposed therebetween which serves as a sealing member 64
for preventing oil leakage from inside.

The wheel hub bearing section C includes a hub ring 32 for
an output shaft 28 of the speed reducer section B; and the
fixing ring 33 which is connected and fixed to the outboard-
side end member 22¢ of the speed reducer section B using the
fastening bolts 62 via a double-row rolling bearing.

The hub ring 32 has a cylindrical hollow section 32a and a
flange section 3256. A wheel 14 is fixed and connected to the
flange section 325, with bolts 32¢. The output shaft 28 of the
speed reducer section B has its outer diameter surface formed
with a spline and a male thread. The hollow section 32a of the
hub ring 32 has its inner diameter surface formed with a spline
hole. With the above-described arrangement, the output shaft
28 of the speed reducer section B is inserted into the inner
diameter surface of the hub ring 32, and a nut 324 is threaded
to the shaft tip to connect the two members with each other.

The hollow section 32a of the hub ring 32 has its outer
surface formed integrally with a wheel mounting flange 325.
The hollow section 324 has an outer diameter surface on the
vehicle’s outboard-side, where the double-row roller bear-
ing’s outboard-side inner track surface is formed integrally
therewith. The hollow section 324 has an outer diameter
surface on the vehicle’s inboard-side, around which there is
fitted an inner ring 32e¢ having the bearing’s inboard-side
inner track surface formed on its outer surface.
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The fixing ring 33 has: an inner circumferential surface,
which is formed integrally with an outboard-side outer track
surface and an inboard-side outer track surface corresponding
to the outboard-side inner track surface and the inboard-side
inner track surface respectively of the hub ring 32; and an
outer circumferential surface formed with an the anchoring
flange 33a.

The hub ring 32 and the fixing ring 33 are opposed to each
other with their respective outboard-side track surfaces and
inboard-side track surfaces, and two rows of balls 34 are
placed between these track surfaces.

The wheel hub bearing section C which is shown in FIG. 1
and FIG. 2 is a so-called third-generation wheel hub unit,
characterized by, as has been described thus far: that the hub
ring 32 has an outer circumferential surface formed integrally
with a wheel mounting flange 325 and one of the two inner
track surfaces of a double-row rolling bearing; that the fixing
ring 33 has an inner circumferential surface formed integrally
with outer track surfaces of the double-row rolling bearing;
and that the fixing ring 33 has an outer circumferential surface
formed integrally with an anchoring flange 33a.

Next, FIG. 3 shows another embodiment, which includes a
wheel hub bearing section C of a so-called second-generation
wheel hub characterized by that the hub ring 32 has an outer
circumferential surface provided with two individual inner
rings 32e serving as inner track rings of a double-row rolling
bearing. Other arrangements are identical with the embodi-
ment in FIG. 1 and FIG. 2.

Next, FIG. 4 and FIG. 5 show still another embodiment
which, like the one shown in FIG. 1 and FIG. 2, includes a
wheel hub bearing section C classified as the third-generation
wheel hub unit. This arrangement provides an example of
using an anchoring flange 334 of a fixing ring 33 as an out-
board-side end member 22¢. In other words, this embodiment
is an example in which the anchoring flange 33a of the fixing
ring 33 and the outboard-side end member 22¢ are integrated
with each other. Such an arrangement enables to eliminate the
outboard-side end member 22¢ and the fastening bolts 61,
leading to decreased number of parts while contributing to
decrease in weight.

Next, FIG. 6 shows still another embodiment which, like
the one shown in FIG. 4 and FIG. 5, uses an anchoring flange
33a of a fixing ring 33 as an outboard-side end member 22c¢.
Note, however, that the wheel hub bearing section C in this
embodiment is provided by a wheel hub unit which is of the
so-called first-generation.

Specifically, in the wheel hub bearing section C of this
embodiment shown in FIG. 6, inner rings 32e which serve as
inner track surfaces of a double-row rolling bearing, and an
outer ring 32/ which serves as outer track surfaces are pro-
vided by separate parts from a hub ring 32 and a fixing ring 33.
Such an arrangement as described above, where the fixing
ring 33 and the outer ring 32f are provided by separate parts,
offers an advantage of using a lightweight metal such as an
aluminum alloy as a material for an anchoring flange 33a of
the fixing ring 33 which is used as an outboard-side end
member 22¢, leading to reduced weight of the fixing ring 33.

The motor section A is provided by a radial-gap motor
which includes a stator 23; a rotor 24 disposed inside the
stator 23 and opposed thereto with a radial gap in between;
and a hollow output shaft 24q fixedly connected inside the
rotor 24 for integral rotation with the rotor 24.

The hollow output shaft 24a is disposed through the motor
section A to the speed reducer section B for transmission of
driving force from the motor section A to the input shaft 25 of
the speed reducer section B.
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The input shaft 25 of the speed reducer section B has
eccentric sections 254, 255 within the speed reducer section
B. The input shaft 25 is fitted into and fastened with the
hollow output shaft 24a of the rotor 24 for integral rotation
with the rotor 24. The two eccentric sections 25a, 255 are
disposed at a 180-degree phase difference so that their cen-
trifugal forces due to their eccentric movement are cancelled
each other.

The speed reducer section B includes cycloid discs 26a,
26b which serve as revolving members and are rotatably held
by the eccentric sections 25a, 25b; a plurality of outer pins 27
which serve as outer circumferential engager for engagement
with outer circumferential portions of the cycloid discs 26a,
26b; a motion conversion mechanism which transmits rota-
tional movement of the cycloid discs 26a, 265 to the output
shaft 28; and counterweights 29 disposed adjacently to the
eccentric sections 25a, 25b. The speed reducer section B
includes a speed reducer section lubrication mechanism
which supplies lubrication oil to the speed reducer section B.

The output shaft 28 includes a flange section 284 and a
shaft section 28b. The flange section 28a has its end surface
formed with holes at an equidistant interval on a circle cen-
tered around a rotational center of the output shaft 28, for
fixing the inner pins 31. The shaft section 285 is fitted into and
fixed to the hub ring 32, and transmits the output from the
speed reducer section B to the wheel 14.

As shown in FIG. 9, the cycloid discs 26a, 265 have a
plurality of waveforms composed of trochoid curves such as
epitrochoid curve, on their outer circumferences, and a plu-
rality of through-holes 30a penetrating from one end surface
to the other end surface. The through-holes 30a are made
equidistantly on a circle centering on the rotational center of
the cycloid discs 26a, 265, and accommodate inner pins 31
which will be described later. Also, a through-hole 305 pen-
etrates the center of the cycloid discs 26a, 265, and fits around
the eccentric sections 25a, 255.

The cycloid discs 26a, 265 are supported by a rolling
bearing 41 rotatably with respect to the eccentric sections
25a, 25b. The rolling bearing 41 is provided by a cylindrical
roller bearing which includes an inner ring member fitted
around outer diameter surfaces of the eccentric sections 254,
25b and having an inner track surface on its outer diameter
surface; an outer track surface formed directly on inner diam-
eter surfaces of the through-holes 305 of the cycloid discs
26a, 26b; a plurality of cylindrical rollers 44 disposed
between the inner track surface and the outer track surface;
and a retainer (not illustrated) which keeps the distance
between the cylindrical rollers 44.

The outer pins 27 are disposed equidistantly on a circular
track which centers around the rotational center of the motor-
side rotation member 25. As the cycloid discs 26a, 265 make
their revolutions, the wavy curves and the outer pins 27
engage with each other and generate rotational movement of
the cycloid discs 26a, 265.

The counterweights 29 are disc-like, have athrough-hole at
a place away from its center for fitting around the motor-side
rotation member 25, and are disposed adjacently to the eccen-
tric sections 25a, 255 respectively, at a 180-degree phase
difference therefrom in order to cancel unbalanced inertia
couple caused by the rotation of the cycloid discs 26a, 265.

The motion conversion mechanism is constituted by a plu-
rality of inner pins 31 held by the output shaft 28 and the
through-holes 30a formed in the cycloid discs 26a, 265. The
inner pins 31 is disposed equidistantly on a circular track
centering around the rotational center of the wheel-side rota-
tion member 28, and has one of its axial ends fixed to the
wheel-side rotation member 28. Also, in order to reduce fric-
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tional resistance with the cycloid discs 264, 265, needle roller
bearings are provided to make contact with inner wall sur-
faces of the through-holes 304 of the cycloid discs 26a, 265.

The through-holes 304 are formed at locations correspond-
ing to the respective inner pins 31. Each of the through-holes
30a has an inner diameter which is larger, by a predetermined
difference, than an outer diameter (a “maximum outer diam-
eter including the needle bearing”, hereinafter the same will
apply) of the inner pins 31.

The speed reducer section lubrication mechanism supplies
Iubrication oil to the speed reducer section B, and includes a
lubrication oil path 25¢, lubrication oil inlets 254, a lubrica-
tion oil exit 25e, a lubrication oil reservoir 25f; a rotary pump
51 and a circulation oil path 25g.

The lubrication oil path 25¢ extends axially inside the input
shaft 25 of the speed reducer section B. The lubrication oil
inlets 254 extend from the lubrication oil path 25¢ toward an
outer diameter surface of the input shaft 25. In the present
embodiment, the lubrication oil supply inlet 254 is provided
in each of the eccentric sections 254, 255.

Also, the lubrication oil exit 25¢ and the lubrication oil path
25¢ are connected with each other by the circulation oil path
25g formed inside the outer circumferential member 22a
which constitutes a housing for the motor section A. The
lubrication oil discharged from the lubrication oil exit 25¢
flows through the circulation oil path 25g and returns to the
lubrication oil path 25¢.

In the embodiments described above, a seal member 66 is
disposed on an inner-diameter side along the circumferen-
tially arranged fastening bolts for improved sealing between
the anchoring flange 33a of the fixing ring 33 and the out-
board-side end member 22¢ to prevent oil leakage from
inside.

The seal member 66 can be provided by an O-ring.

Hereinafter, a working principle of the in-wheel motor
driving device 21 will be described.

In the motor section A, coils in the stator 23 is supplied with
AC current for example to generate an electromagnetic force,
which in turn rotates the rotor 24 which is provided by a
permanent magnet or a magnetic member. As the rotor 24
rotates, the input shaft 25 of the speed reducer section B
connected to the output shaft 24a of the rotor 24 rotates,
which then causes the cycloid discs 26a, 265 to make their
revolution around the rotation center of the input shaft 25. In
this process, the outer pins 27 come into engagement with the
curvy wave patterns of the cycloid discs 26a, 265 to cause the
cycloid discs 26a, 265 to rotate in the opposite direction to the
rotating direction of the input shaft 25.

As the cycloid discs 26a, 265 make their rotational move-
ment, the inner pins 31 which are inserted into the through-
holes 30a make contact with inner wall surfaces of the
through-holes 30q. In this movement, the revolving move-
ments of the cycloid discs 26a, 265 are not transmitted to the
inner pins 31 and only the rotational movements of the cyc-
loid discs 264, 265 are transmitted to the wheel hub bearing
section C via the output shaft 28 of the speed reducer section
B.

In this process, the speed reducer section B reduces the
speed of rotation of the input shaft 25 when the movement is
transmitted to the output shaft 28. Therefore, the arrangement
allows the use of a low-torque high-rotation motor section A
since the arrangement can transmits necessary torque to the
driving wheel 14 even from such a type of motor section.

It should be noted here that the speed reducer section B of
the configuration described above has a speed reduction ratio
which can be calculated as (ZA-ZB)/ZB, where ZA repre-
sents the number of the outer pins 27 whereas ZB represents
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the number of wave patterns in the cycloid discs 26a, 265.
FIG. 9 shows an embodiment with ZA=12 and ZB=11, which
gives a very large speed reduction ratio of 1/11.

As understood, an in-wheel motor driving device 21 which
is compact and has a high speed-reduction ratio can be
achieved by utilizing a speed reducer section B which can
provide a large speed reduction ratio without requiring a
multi-stage configuration. Also, use of needle bearings in the
outer pins 27 and the inner pins 31 reduces frictional resis-
tance of these members with the cycloid discs 26a, 265. This
improves transmission efficiency in the speed reducer section
B.

By utilizing the in-wheel motor driving devices 21 accord-
ing to the above embodiments in the electric vehicle 11, it
becomes possible to reduce an unsprung weight. As a result,
it becomes possible to obtain an electric vehicle 11 which
provides superior driving stability.

In the embodiments described above, the lubrication oil
supply inlet 254 is formed at the eccentric sections 25a, 255.
The invention is not limited to this, however, and oil supply
inlet may be formed at any place in the input shaft 25. It
should be noted, however, that in view of stable supply of the
Iubrication oil, it is desirable that the lubrication oil supply
inlets 25d are located at the eccentric sections 25a, 255.

Also, in the embodiment described above, the speed
reducer section B has two cycloid discs 26a, 265 which have
a 180-degree phase diftference from each other. However, the
number of the cycloid discs may be any. For example, three
cycloid discs may be used at a 120-degree phase difference.

Further in the embodiment described above, the motion
conversion mechanism is constituted by the inner pins 31
fixed to the output shaft 28 and the through-holes 30a pro-
vided at the cycloid discs 26a, 265. However, the present
invention is not limited by this, and a motion conversion
mechanism of whatsoever configuration may be employed as
far as it can transmit the rotation of the speed reducer section
B to the wheel hub 32. For example, the motion conversion
mechanism may be constituted by the inner pins fixed to the
cycloid discs and holes in the wheel-side rotation member.

It should be noted here that in the embodiment described
above, working of components are described with their rota-
tion in focus. Actually, however, a force which includes a
torque is transmitted from the motor section A to the driving
wheel. Therefore, the driving force provided as a result of
speed reduction described above has a high torque.

Also, in the above description of the embodiment, electric
power was supplied to the motor section A to drive the motor
section A, and the driving force from the motor section A was
transmitted to the driving wheel 14. There may be an addi-
tional, inverse arrangement for situations where the vehicle is
decelerating or running down on a slope, to pick a force from
the driving wheel 14 and convert it by the speed reducer
section B into a high-speed low-torque rotation and transmit
this rotation to the motor section A, so that the motor section
A can serve as a power generator. Further, there may be an
arrangement to store the power generated in this way in a
battery for later use to drive the motor section A for example,
or operate other electric components on board.

In the above-described embodiments, the motor section A
was provided by a radial gap motor. However, the present
invention is not limited to this, and any suitable motor may be
employed. For example, an axial gap motor which includes a
stator fixed to a housing, and a rotor which is disposed inside
the stator with an axial gap may be utilized.

Also, in each of the embodiments described above, the
speed reducer section B in the in-wheel motor driving device
21 is implemented by a cycloid reduction gear system. How-
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ever, the present invention is not limited to this, and any speed
reducing mechanism may be employed. Examples include
planetary gear speed reducing mechanism and parallel axis
gear speed reducing mechanism.

Further, the electric vehicle 11 shown in FIG. 7 has the rear
wheels 14 serving as driving wheels. However, the present
invention is not limited to this, and the front wheels 13 may
serve as driving wheels or the vehicle may be a four-wheel
drive vehicle. It should be noted here that in the present
description, the term “electric vehicle” means any type of
vehicle which is driven by electricity. For example, therefore,
hybrid cars and similar vehicles should also be included in
this category.

Thus far, embodiments of the present invention have been
described with reference to the drawings. However, the
present invention is not limited to these illustrated embodi-
ments. Any of these embodiments illustrated thus far may be
modified or changed in many ways within the scope or within
the equivalence of the present invention.

REFERENCE SIGNS LIST

21 in-wheel motor driving device
A motor section

B speed reducer section

C wheel hub bearing section
22a outer circumferential member
22b inboard-side end member
22c¢ outboard-side end member
23 stator

24 rotor

24a output shaft

245 output shaft

25 input shaft

25a, 255 eccentric section
26a, 265 cycloid disc

27 outer pin

28 output shaft

28a flange section

28b shaft section

29 counterweight

32 hub ring

32a hollow section

325 wheel mounting flange
32d nut

32e inner ring

32fouter ring

33 fixing ring

33a anchoring flange

61 bolt

62 bolt

63 bolt hole

64, 66 seal member

The invention claimed is:

1. An in-wheel motor driving device comprising:
a motor section including an output shaft;

a wheel hub bearing section; and
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a speed reducer section connecting the wheel hub bearing
section coaxially with the output shaft of the motor
section,

wherein a housing outer circumferential portion of the
motor section and a housing outer circumferential por-
tion of the speed reducer section are integral with each
other, being provided by one, outer circumferential
member,

wherein an outboard-side end member, which is a separate
body from the outer circumferential member, is fixed to
an outboard-side end of the outer circumferential mem-
ber, and the wheel hub bearing section has its fixing ring
connected and fixed to the outboard-side end member
using fastening bolts,

wherein an outer circumference of an inboard-side end of
the outboard-side end member is provided with a pro-
truding wall portion which is fitted to an inner circum-
ference of the outboard-side end of the outer circumfer-
ential member, and

wherein a seal member is disposed between the protruding
wall portion and the inner circumference of the out-
board-side end of the outer circumferential member in
order to prevent oil leakage from inside.

2. The in-wheel motor driving device according to claim 1,
wherein the wheel hub bearing section includes: ahub ring for
mounting a wheel; the fixing ring for fixing to a vehicle; and
a double-row rolling bearing between the hub ring and the
fixing ring; the double-row rolling bearing having its inner
track surfaces and outer track surfaces formed separately
from the hub ring and the fixing ring.

3. The in-wheel motor driving device according to claim 1,
wherein the outboard-side end member is made of a light-
weight metal.

4. The in-wheel motor driving device according to claim 1,
wherein the wheel hub bearing section includes: ahub ring for
mounting a wheel; the fixing ring for fixing to a vehicle; and
a double-row rolling bearing between the hub ring and the
fixing ring; the fixing ring having its inner surface formed
integrally with outer track surfaces of the double-row rolling
bearing.

5. The in-wheel motor driving device according to claim 1,
wherein the wheel hub bearing section includes: ahub ring for
mounting a wheel; the fixing ring for fixing to a vehicle; and
a double-row rolling bearing between the hub ring and the
fixing ring; the fixing ring having its inner surface formed
integrally with outer track surfaces of the double-row rolling;
the hub ring integrally including a wheel mounting flange and
having an outer circumference formed integrally with one of
two inner track surfaces of the double-row rolling bearing.

6. The in-wheel motor driving device according to claim 1,
wherein the outer circumferential member is made of a light-
weight metal.

7. The in-wheel motor driving device according to claim 1,
wherein the seal member is provided by an O-ring.

8. Anin-wheel driving device according to claim 1, further
comprising an vehicle.
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